Abstract-Via the method of turbidity points, a fragment of the phase diagram of the polysulfone-poly(eth ylene glycol) 400-dimethylacetamide three component system was constructed. This system is a unique object with both an upper critical solution temperature and a second order lower critical solution tempera ture. Viscosity characteristics and activation parameters of the viscous flow of concentrated and dilute polysulfone solutions in dimethylacetamide containing poly(ethylene glycol) were studied. An abnormal increase in the solution viscosity with temperature that precedes the phase transition was found. With the use of IR spectroscopy and the viscometry of dilute solutions, it was shown that it is possible to form additive compounds between the components in a solution.
Polysulfone is widely applied as a material for prep aration of various purpose permselective (ultra and microfiltration) membranes and as a porous support for composite (gas separation and reverse osmosis) membranes [1] [2] [3] [4] . In most cases, the production of such materials is related to processing of multicompo nent polymer solutions, but, in the literature, the problems of their phase state have received little atten tion. At the same time, phase diagrams determine the structural-morphological features and performance of materials as well as the trends in the changes in their properties during service [5] .
To produce permselective polysulfone membranes with high transport characteristics, different additives to molding solutions are used [6] [7] [8] [9] [10] [11] [12] [13] . Water, inorganic salts, low molecular mass organic compounds, sur factants, and water soluble oligomers and polymers and their mixtures can be used as the aforementioned additives (porogenes). In patent EP 0497185, for example, DMAA, DMF, N methylpyrrolidone (MP), cyclohexane, chloroform, and butyl acetate were used as solvents for polysulfone, while methanol, ethanol, propanol, butanol, acetone, cyclododecane, and PEG or their mixtures were employed as porogenes [6] .
The analysis of the literature and patent data shows that oligomeric or polymeric porogenes (PEG, poly(N vinylpyrrolidone, PVP, or their mixtures) are most often used to produce membranes from polysul fone or polyethersulfone [7] [8] [9] [10] [11] [12] [13] . These additives change the quality of the solvent for a polymer, deter mine the kinetics of solution phase separation during further phase inversion, and hence affect the structure and properties of final materials [7] . According to US Patent no. 6,495,143, butanol, PVP, PEG, and glyc erol act as porogenes for polysulfone in DMAA, DMF, or MP [8] . Similarly, polysulfone dissolves in DMAA, DMF, DMSO, or MP at 40-80°С in the presence of PEG and PVP (US Patent no. 5, 232, 597 [9] ). In [10] , the viscosity and rheological properties of polysulfone solutions in MP with additives of PEG 4000 were stud ied and fragments of phase diagrams for the polysul fone-MP-PEG-precipitant (20% ethanol solution) system were presented. It was shown that the addition of PEG to a polymer solution results in a decrease in the threshold concentration of precipitant and an increase in the rate of polymer precipitation and determines the membrane surface morphology. How ever, in spite of numerous studies of the polysulfone-PEG-solvent system, the problems of the phase state of such systems remain uncovered.
In this study, the phase state and viscosity charac teristics of polysulfone solutions in DMAA with PEG 400 additives were investigated.
EXPERIMENTAL
In experiments, polysulfone Ultrason S 6010 NT11 (BASF, Germany), DMAA (reagent grade, BASF, Germany) and PEG (polyglycol 400, Clariant GmbH, Germany) were used. The pristine polymer was repre cipitated from DMAA solutions; the solvent was thor oughly removed, and the precipitate was dried at 100°C. The water content in the polymer did not exceed 0.2%. The intrinsic viscosity of the polysulfone solution in chloroform was as high as 0.68, and the vis cous average molecular mass calculated through the . DMAA was purified via vacuum distillation; the water content in the solvent did not exceed 0.1%.
The phase separation processes were studied in terms of the temperature dependence of light trans mission of solutions [15] . The measurements were conducted on an M 101 automatic flow turbidimeter with an N 307 two coordinate recorder. A tailor made cell that had a layer thickness of 10 mm and that was equipped with a thermocouple was placed in the flow turbidimeter. The cell was connected to a U 2 thermostat filled with silicon oil as a temperature con trolling liquid. The rate of temperature change was as high as 1 K/min. At temperatures below 20°C, the thermostat was filled with water and equipped with a cold accumulator, and the cell was heated at a rate of 2 K/min. The initial temperature of the temperature controlling liquid was established 10-15°C below or above the visually determined reference temperature of phase transition. The two coordinate recorder fol lowed the temperature and light transmission changes in the cell during the heating and cooling modes. Thus, the temperature dependences of light transmis sion for different polymer compositions were obtained. The phase transition temperature was determined from the inflection of the light transmis sion-temperature curve.
Viscosities of dilute solutions were measured on an Ubbelohde capillary viscometer. Intrinsic viscosity [η] was determined from the concentration dependence of the reduced viscosity via extrapolation to the zero concentration.
Viscosities of concentrated solutions were mea sured on a VN 2 falling ball Hoeppler viscometer in the temperature range 20-90°С [16] . The activation heat of viscous flow of solutions was determined from the tangent of the slope of the lnη-1/T dependence. The free energy of viscous flow, ΔG, was calculated through the equation ΔG = 2.303RT(lnη + 4) [17] , and the entropy of viscous flow was obtained from the difference of the activation heat and free energy val ues: TΔS = ΔH-ΔG.
IR spectra were recorded on a Nicolet Protégé 460 FTIR spectrophotometer.
RESULTS AND DISCUSSION
The specific nature of the polysulfone-PEG 400-DMAA system allows its consideration both as a poly mer-solvent-precipitant system, because PEG 400 is a weak precipitant for polysulfone, and as a polymeroligomer-solvent system. The precipitation number for a 1% polysulfone solution at 20°С is 510 mL/dL. For comparison, the precipitation number for water under the same conditions is as low as 4.4 mL/dL.
As was shown by our studies of binary systems, PEG 400 is unlimitedly miscible with DMAA in the range 10-160°С. Polysulfone solutions in DMAA with concentrations of 30% or less are homogeneous systems that are time stable in a wide temperature range. Solutions with concentrations of 35% or more are dispersed systems that, during heating, are charac terized by a sharp decrease of the system turbidity fol lowed by homogenization above a certain tempera ture. The higher the polysulfone concentration in DMAA, the higher the temperature at which the sys tem turbidity decreases. For example, a 50% polysul fone solution prepared at 70-90°С is a viscous non transparent liquid. The light transmission of a solution increases with temperature, and, at 140-150°С, it becomes homogeneous and transparent (Fig. 1) . Therefore, binary polysulfone solutions in DMAA show amorphous phase separation and the upper crit ical solution temperature (UCST), results that are corroborated by the literature data [18] .
The results of studying ternary compositions sug gest that the presence of the lower critical solution temperature (LCST) is a specific feature of this sys tem. For the purpose of examining the phase equilib rium, solutions of different compositions were heated slowly with fixation of the temperature dependence of light transmission. Once the critical temperature is attained, there is a marked drop of the intensity of transmitted light that is indicative of phase separation. The phase transition is reversible: During cooling, tur bid solutions become transparent. For the polysul fone-PEG-DMAA solution with the component ratio 24 : 21 : 55 (hereinafter, the component concen trations are given in wt %), which, at 20°С, is visually transparent and homogeneous, after a temperature increase to 130-137°С, a sharp change in light trans mission is observed (Fig. 2) . During cooling of a solu tion below 130°С, it becomes fully transparent again. The mentioned transition is completely reversible and unlimited in number. The phase transition tempera ture decreases with the PEG concentration (Fig. 2) . 
